Abstract This review of tuberculosis epidemiology is intended to provide a historical perspective on the public health approach to tuberculosis (TB) control in California. This historical context offers a lens through which to view current epidemiologic trends and insight into how new therapeutic tools can be applied. Since 1993, the year detailed case reporting was instituted, California has had a decrease in recent TB transmission as evidenced by a reduction in pediatric cases and an increased percentage of cases attributable to progression of latent infection to TB disease in the foreign-born population. Overall, there has been a dramatic decline in the annual TB case count, but the speed of the decline has slowed over the last several years. At the current pace and case count of 2137 in 2015, California will not achieve TB elimination (<1 TB case per one million population) for at least 100 years. There are an estimated 2.1 million persons in California with latent TB infection. Modeling suggests that LTBI detection and treatment are important in reaching TB elimination. For this reason, a coalition of stakeholders in California is exploring novel approaches to accelerate the case decline in order to prevent unnecessary disease and death.
Introduction
From the gold rush of the 19th century to the Silicon Valley tech boom of the 21st century, the BCalifornia Dream,^has drawn millions to the state. Throughout California history, tuberculosis (TB) has been a counterpoint to this dream for a brighter future. Despite remarkable progress against TB over the last 100 years, TB is still diagnosed in California every 4 h. Every other day, a Californian dies with TB, and each week, at least one child under five is found to have TB disease. At a time when tuberculosis is a leading killer among infectious diseases worldwide [1] , infecting approximately 1/3 of the world's population [2] , TB paradoxically has become less visible in the USA, competing with waves of newer pathogens that make daily headlines. The fact that TB still causes preventable deaths and disease deserves an invigorated response. This report describes the history and epidemiology of TB in California and presents new strategies that can lead toward the dream of TB elimination (<1 TB case per one million population) in California [1] .
for up to 90 % of those infected, the bacteria are kept in check by the host's immune system in a latent stage throughout life. For approximately 5-10 % of these infected hosts with latent TB infection (LTBI), the immune system will not be able to contain the infection and replicating TB bacteria will cause illness (active TB disease).
History of the Tuberculosis Epidemic in California
In 1910, the population of California was 2.3 million, less than 10 % of what it is today [3] . During this time period, TB caused one in seven deaths and was a more visible killer than cancer and heart disease [4] . Known as consumption, it was familiar to the rich and the poor, the native Californian, and the newcomer. The California Tuberculosis Commission of the State Board of Health described an all too common tragedy in California: Bin one family where parents and five children occupied a one-room shack, all but two died of TB in quick succession^ [4] . Even before robust public health surveillance, statistics showed TB's impact in California. A total of 644 TB cases and 453 TB deaths were reported in a single month of 1913 [4] . Measles, scarlet fever, typhoid fever, diphtheria, meningitis, polio, and smallpox all trailed much further behind, with deaths from each of these communicable diseases combined adding to less than one eighth of the number of deaths caused by TB [4] .
Public Health Response
The effect of TB on California communities triggered one of the state's most effective public health responses. TB disease and death, and its economic impact, shifted from a household conversation to a serious focus among doctors and government agencies. In 1913, the state health commission launched a structured investigation of the TB problem and reported that, Bconstantly present in this state is [sic] between 40,000 and 50,000 tuberculous patients in active stages^ [4] . TB was the leading cause of premature death, and the average age of death from TB was 30. The Commission counted 5000 deaths each year in California and noted that each death terminated only after many months or years of suffering during which the disease could be spread to others [4] .
The economic consequences of TB were also noticed. The Commission estimated that the cost of TB to California was over $20 million ($478.8 million in 2015 dollars) each year [4] . Families were devastated and became homeless when the primary wage earner died or could no longer work. Many persons turned to welfare programs and the government invested in the support of Californians with TB and in the hospitals that cared for them.
Medical and public health infrastructure became stronger and concentrated on detecting TB and averting its spread. By 1920, there were well over 100 TB hospitals and sanatoria operating in California. Isolation of TB patients in sanatoria removed many contagious persons from crowded urban and congregate settings. Laws that required doctors to report TB to public health authorities and that compelled isolation helped to interrupt transmission and set the stage for local and state public health programs as well as the modern public health surveillance systems we have today. These public health programs were central in the execution of the state TB commission recommendations.
TB among cattle was also recognized as interconnected to the human TB epidemic. According to the Commission, in 1913, 15-30 % of cows were infected with tuberculosis [4] . Consumption of raw dairy products was thought to be the source of 10-30 % of TB cases in humans [5] . The eradication of bovine TB was initially thought an impossible feat but proved pivotal in driving down TB in humans [5] . Eradication involved federal, state, and local governments and massive testing and culling of cows. Transmission to humans was curtailed by instituting pasteurization. While raw milk was the only milk consumed in 1900, commercially available pasteurized milk became the norm by 1936 [5] .
The gains produced by these public health interventions were augmented by development of effective antituberculosis therapy. Especially after the middle of the 20th century when multidrug treatment became available [6] , TB disease was driven down further and death became a fate for a minority of those with TB. Treatment shifted from inpatient to outpatient settings. Hospitals, once crowded with TB patients, became sites of care for TB patients with advanced or lifethreatening illness. The TB-specific interventions coincided with other advances affecting general health and healthcare which also likely made a difference. For example, improved nutrition may have reduced progression of latent TB infection to TB disease and improved housing and working conditions may have reduced transmission. As a result, from 1913 to 1981, there was a 60 % drop in TB cases and a >90 % drop in the rate of TB in California expressed as cases per 100,000 population.
However, during the 1980s, the public health infrastructure that was built up previously in the century was neglected [7] . Categorical funding for US TB control programs was halted beginning in 1970. The resource shift away from TB control was followed by a large increase in TB cases in the USA and California (Fig. 1) . Several factors contributed to the increase, including a surge in immigration of persons with infection from high burden countries, the vulnerability of HIVinfected persons with weakened immune systems, and relaxing of public health measures and infection control. It became clear that the availability of effective antituberculosis drugs without the ongoing support of public health interventions was not enough to keep TB in check. Once again, government, doctors, and public health programs needed to work together to fight TB.
What ensued was an intensive investment in hospital infection control measures and support for patients to continue TB treatment safely after discharge from the hospital. Investments also included fiscal resources to strengthen local TB programs, expanded coverage of indigent populations with TB by the state's Medicaid program, and use of new strategies to enable completion of treatment such as housing of homeless patients and directly observed therapy. A more robust TB surveillance system was implemented in 1993 that included reporting of drug susceptibility and TB treatment outcomes. More recently, improvements in immigrant screening have made an additional important dent in case numbers in California [8, 9] .
Current Epidemiology
Today, with approximately 40 million residents, California is the most populous state in the nation and arguably the most diverse [10] . Its large population differs in composition from populations in other states and reflects the migration patterns and countries of origin of migrants over time. Approximately 10 million or 20 % of Californians were born outside the US with Mexico, Philippines, China, and Vietnam being the most common birth countries. California's foreign born population represents approximately 25 % of all foreign born persons living in the USA, and half of all children in California have at least one foreign born parent [11] .
There are more than 2100 TB cases reported in California each year, contributing 20-25 % of the tuberculosis reported annually in the USA. More than 75 % of TB cases in California occur among foreign-born persons. TB cases in California arise through three general mechanisms: importation of active disease from outside the USA, active disease occurring as a result of recent transmission of TB within California, and reactivation of infection acquired long ago.
During 2010-2014, 7.5 % of cases occurred among immigrants within 1 year of arrival in the USA. An additional 13 % occurred as a result of recent transmission as defined by the CDC [12] . The remaining nearly 80 % of TB cases in California arose from progression of latent infection to active disease in persons who acquired infection a long time ago and typically far away from California.
Change in Characteristics of TB Cases in California 1993-2014
Since detailed case reporting was instituted for tuberculosis in 1993, substantial progress has been made in controlling tuberculosis. This progress can be seen in the differences between the number and characteristics of cases reported during 1993-1997 compared with cases reported during 2010-2014. Table 1 shows these differences in demographics, clinical characteristics, and outcomes compared using the Chi-square test. Fewer cases are occurring among children, incarcerated persons, and the homeless. These trends are signs of decreasing transmission of TB in California. A smaller percent of TB cases are infected with HIV, likely the result of improved infection control practices, screening of HIV-positive persons, and most importantly, the advent and widespread use of antiretroviral therapy. The small increase in the proportion of TB cases that occur among healthcare workers is explained by an increase in TB cases among foreign-born healthcare workers. This is likely related to changing healthcare workforce that now includes more foreign-born persons [13] .
There were few meaningful changes in drug susceptibility patterns of M. tuberculosis isolates in 1993-1997 compared with 2010-2014. Pansusceptible (susceptible to INH, rifampin (RIF), and pyrazinamide (PZA), if tested) and INH-resistant cases remained stable. However, PZA monoresistance has increased (5.1 vs. 1.5 %). PZA monoresistance is primarily attributed to cases caused by Mycobacterium bovis, which has been shown to be increasing in California. TB from M. bovis particularly affects Hispanic communities in Southern California and is more common among children [14] . TB from M. bovis is likely related to consumption of unpasteurized dairy products made outside the USA. Despite a global rise in multidrug-resistant (MDR) TB cases, the proportion of TB cases in California that are MDR has remained stable at 1-2 % of TB cases. One explanation for this observation is that very few MDR cases are being created as a result of acquired resistance from poor treatment practices in California. Changes in the age of US-born and foreign-born patients with TB have gone in opposite directions with the median age among foreign-born persons increasing from 42 to 54, whereas the median age of US born TB cases has decreased to 39. These opposite trajectories likely indicate major differences in underlying population risks for TB exposure and progression to active disease. Among foreign-born persons, much TB is occurring among persons with age-related medical comorbidities such as diabetes and end-stage renal disease that increase the risk of progression to active TB disease. TB disease also typically is occurring among long-standing residents of the USA with >75 % of TB cases among foreign-born persons occurring in persons who have been present in the USA for at least 5 years. In contrast, US-born TB patients are more likely to have social or behavioral risk factors for TB such as substance abuse, incarceration, or homelessness. These populations can be more difficult to reach with TB prevention activities and also may be groups in whom TB transmission is concentrated.
Among the most dramatic changes in TB during 1993-2014 has been the fall in TB cases from 5150 cases in 1993 to 2137 cases in 2015 (Fig. 1) . During the same period, the annual rate of TB declined from 16.3 to 5.5 per 100,000 population. Sadly, nearly 10 % of persons with TB in California still die and nearly one third of these died before TB treatment could be started.
Despite the dramatic decline in TB cases and rates, the speed of the decline has slowed substantially from an average 6.4 % annual decline from 1993-1997 to an annual case decline of 3.8 % during 2005-2014. In the last two years, the decline was only 1 % per year. In 2015, there were 2137 cases of TB reported in California (a rate of 55 cases per million). If the rate of decline from the last 10 years continues, TB elimination (defined as less than 1 case per one million population) will not be achieved for 100 years (Table 2) . On the other hand, if the rate of decline can be sped up to 14 % per year, TB could be eliminated from California by 2040 (Fig. 2) . Modeling studies have shown that speeding the decline will require addressing the primary source of new TB cases in 
Latent TB Infection
In contrast to the epidemiology of TB disease in the USA, the epidemiology of latent TB infection (LTBI) is based on estimates from survey data because LTBI is not a reportable condition. The National Health and Nutrition Examination Survey (NHANES) has been used as a primary source to estimate LTBI prevalence [16] . However, among foreign-born persons, the prevalence of LTBI was much higher, estimated at 20.5 % by TST and 15.9 % by IGRA. BCG vaccination, common among foreign-born persons, can lead to false positive TST reactions but does not influence IGRA results. That is why IGRA offers superior accuracy in this population. In order to estimate the number and proportion of California residents with LTBI, prevalence estimates from NHANES 2011-2012 were applied to race/ethnicity and nativity strata derived from California population estimates for 2014 in the US Census Current Population Survey Annual Social and Economic Supplement (CPS; available using the online CPS Table Creator http://www.census.gov/cps/data/cpstablecreator. html). Using TST for US-born and IGRA for foreign-born persons yields an estimate of 2,171,673 persons with LTBI, of which 545,273 are US born and 1,626,400 are foreign born ( Table 3) . As noted, the use of IGRA more accurately reflects true TB infection in the BCG-vaccinated foreign born population however IGRA may overestimate through false positive results the rate of LTBI in the US-born population with a lower pre-test probability for TB infection [18] .
Currently, there are several populations that undergo mandatory and systematic assessments for TB infection including approximately 5000 immigrants with abnormal overseas preimmigration radiographs receiving follow-up evaluations in California and 113,000 foreign-born persons who apply to adjust their immigration status in California to become permanent US residents per year. These groups are at high risk for TB infection and disease because of the likelihood of exposure in their country of origin and warrant systematic screening for TB infection [19] . However, screening and treatment of new arrivals will not fully address the TB problem in California because of the large population of foreign-born persons currently living in California with untreated LTBI. This is in line with recent data from Walter et al. describing the ongoing elevated risk of TB reactivation in immigrants from the Philippines up to 9 years after immigration to California [20••] . Additionally, California TB surveillance data indicates that approximately 70 % of 2014 cases in foreignborn persons occurred in those that immigrated over 10 years prior to diagnosis.
Despite these findings, until now, there has not been a recommendation for systematic screening for LTBI in foreign-born persons living in California. However, many populations at far lower risk of TB acquisition undergo systematic screening. Indeed, more than 80 % of the 1,726, 000 individuals undergoing mandatory screening in California each year are healthcare workers who are legally mandated to undergo annual screening for TB infection and disease despite a decrease of TB transmission in hospitals today. The costsavings and effectiveness of risk-based TB screening rather than universal screening, has been demonstrated in other low risk groups in California including school children and school teachers [21] . Re-focusing resources on screening populations at high risk for LTBI provides an opportunity to further reduce the burden of untreated LTBI in California as a whole. 
Efforts toward TB Elimination
The epidemiology of both active TB and of latent TB infection in California point toward a strategy to achieve TB elimination in California involving increased focus on preventing TB among populations at risk for TB exposure and infection. In May 2015, the California Department of Public Health (CDPH) Tuberculosis Control Branch (TBCB) convened the California TB Elimination Task Force to help craft specific strategies for TB elimination [22] . The Task Force emphasized the need for simple and clear guidance to healthcare providers regarding populations to test for LTBI and treat if infected. The recommendations promote the use of (1) local epidemiologic data to identify and engage populations at risk for TB infection, with a focus on testing of foreign-born residents, immunosuppressed persons at high risk for TB progression, and close contacts to persons with infectious TB [23] ; (2) full adoption and implementation of diagnostics such as the interferon gamma release assay (IGRA) to improve test specificity and cost-effectiveness in foreign-born populations [24•] ; (3) the use of short-course treatment regimens such as 12 doses of isoniazid and rifapentine or 4 months of daily rifampin to increase rates of LTBI treatment completion [25, 26, 27•] . These measures are designed to speed the decline of TB and decrease the time to TB elimination in California.
Several new opportunities make this a good time to push toward TB elimination: (1) the recently introduced short treatment regimen for LTBI (12 dose regimen of INH/rifapentine) has impressive completion rates [13, 27•] resulting in more TB disease prevented; (2) the interferon gamma release assays, while imperfect, add value and efficiency in detecting latent TB infection in the foreign born since false positives due to BCG do not occur; (3) the expansion of healthcare coverage in California provides access to care for many who previously were not engaged in care and who will benefit from TB prevention; and (4) new national and international understanding of the importance of addressing the LTBI reservoir to advance toward TB elimination [1] . Indeed, a model by Hill et al. suggests that if testing and treating LTBI were increased fourfold, along with reduction of untreated LTBI among new arrivers to the USA, TB cases can be reduced approximately tenfold by 2040 [15] .
The ambition to reach elimination in the next 15 years has been stimulated by both evidence and pragmatic considerations. Reaching elimination in California by 2040 will require a 14 % annual decline in TB cases. The steepest decline in a given year in California in the past two decades was 11 %, a value relatively close to 14 %. This value is however more than threefold higher than the recent 5-year average annual decline. How would this change in case decline be feasible? Since little investment has been made to date in systematically testing for and treating LTBI in high risk individuals, an investment now is likely to increase the case decline significantly. In addition, progress has been made globally with declines in TB disease and deaths in many regions [1] . Indeed, the WHO has set ambitious TB elimination goals in their plans for low incidence countries [20••] .
Currently, TB disease is at a historic low. Many ask whether it is worthwhile to make an investment in elimination if we expect to eventually get there, albeit in 100 years. For each year in which our case decline does not accelerate, we lose over 200 Californians to TB and spend millions of dollars on direct TB services alone. TB deaths are not inevitable deaths, they are preventable deaths. If we achieve TB elimination in 2040, instead of 2115, we would prevent 4200 deaths and 42, 411 cases. Among the millions in California with TB infection, most are not aware they are infected but deserve to know and to have an opportunity to prevent disease from occurring.
Challenges
In the process of intensifying testing and treatment of latent TB infection, there is some fear that these public health efforts could shift focus away from core TB control activities such as early diagnosis, effective treatment of TB disease, and contact investigation. Continuing these activities while also tackling TB prevention will be a challenge, but one that can be met with cooperation between the healthcare and public health system. Another challenge to TB elimination is that Californians regularly travel to and migrate from world regions with higher rates of TB. However, by working with Federal partners, we may be able to make additional progress. A change in TB screening programs for new immigrants and those adjusting their immigration status to identify LTBI and encourage treatment may result in further case decline. Last, and most important for the world as a whole, is WHO's elimination plan and serious campaign to achieve zero TB deaths [28] . This indeed is a bold change for a disease that is a top killer in so many countries.
Many questions arise about how to normalize testing and treatment of LTBI in primary care and ensure timely detection and treatment of TB disease when it occurs in the setting of waning experience with TB. The current pressures on the busy clinical practitioner to be everything to everyone while providing a meaningful visit for the person seeking care are daunting. Nevertheless, routinely screening for TB risk and then testing those with risk and ensuring treatment of those infected must occur for TB elimination to become possible. Since the California population is large, new efforts and investments are needed to help make this possible in primary care settings.
Future Research Directions
Despite recent progress in LTBI testing and treatment, the research to deliver improved tests for infection and really rapid treatment of both LTBI and TB disease stand as the two most critical needs beyond an effective vaccine. Neither IGRA nor TST are highly predictive of progression from LTBI to active disease. Operational research is needed to determine the most effective approaches to screening of LTBI. In parallel, investments globally to reach the millions with disease and infection are paramount.
Conclusions
California leads in population size and in the number of TB cases reported in the USA. Yet we dream of a state that has abundance of people and diversity, but without a threat of disease such as TB. In 2016, California has an unprecedented opportunity to make progress toward TB elimination. TB disease is at a historic low point and the risk of developing new TB infection in California is now small. The introduction of new shorter treatment regimens for latent TB infection makes preventing TB disease much easier. The trick will be to focus testing and treatment while making it routine. The dream of children living without the terrifying infectious diseases of polio and smallpox has been realized. This is a dream we feel is worth pursuing for tuberculosis.
